Liberated by enzymatic lysis of the cells, the flagella of Rhodospirillum rubrum, R. molischianum, and R. fulvum all have a similar structure. The hook at the base of the flagellum is connected by a short, narrow collar to a paired disc in the basal organelle. This paired disc is in turn connected to a second paired disc. The disposition of flagella to which fragments of the cell membrane still adhere suggests that the narrow collar at the base of the hook traverses both the wall and the membrane, and that the upper pair of discs in the basal organelle lies just beneath the surface of the membrane.
The discovery that bacterial flagella can be detached mechanically from cells (8) and subsequently purified by relatively simple procedures (17, 22, 23) has made possible detailed studies on the anatomy and chemistry of these organelles (3, 16) . Except for the thick, membrane-enclosed flagella of vibrios (12) , the extracellular part of bacterial flagella seems to have a relatively simple construction (16) . The flagella of a given bacterial strain are composed of a single kind of protein ("flagellin"). In the monomeric state, flagellin exists as isodiametric particles of relatively low molecular weight (approximately 40,000). The flagellum consists of monomeric units polymerized into long, multistranded threads with a regular helicoid form, and with a diameter in the range of 100 to 200 A. Flagellar thickness and wavelength are constant properties of a given bacterial strain or species. The differences between bacteria with respect to these flagellar parameters presumably reflect differences in the primary structures of their specific flagellin, which in turn affect the mode of polymerization.
This pleasingly pythagorean picture becomes obscure near the point where the flagellum penetrates the surface of the bacterial cell. It has been known since the work of Weibull (24) that the flagellum originates from the protoplast and passes through the fabric of the cell wall. However, attempts to ascertain the detailed structure of the basal region have given scanty and inconclusive results. Electron microscopy of sectioned cells (19, 21) has demonstrated that the flagella originate beneath the cell membrane, but has not so far clearly revealed their mode of internal attachment. The examination of partly lysed cells (or of (1, 13), and Bacillus spp. (2) . Study of lysed cells has one major drawback: it is not easy to exclude the possibility that some of the observed structures are postmortem artifacts. Nevertheless, the following conclusions seem reasonably well established.
(i) Just external to the point where it enters the cell, the flagellum is characteristically bent and slightly thickened, to form a basal hook. Hooks have also been seen in preparations of mechanically detached flagella (14, 15, 18) .
(ii) In partly lysed cells, the hooks frequently appear to be attached to round or disc-shaped basal bodies, some 300 to 500 A in diameter, situated within the cell membrane. The nature of these structures is somewhat controversial; they have been interpreted by some (13) as distinct organelles and by others (2, 12) We describe here the basal organization of the flagellum in three species of photosynthetic spirilla, as inferred from the examination in the electron microscope of enzymatically lysed cells.
MATERIALS AND METHODS
The following bacteria were examined: Rhodospirillum rubrum strain SI; a locally isolated strain of R. niolischianum; and R. fulvum strain K.K. (20) . Cultures were grown at 30 C in an illuminated water bath. The light intensity at the front window of the water bath was approximately 1,000 ft-c. The growth medium consisted of 0.5% (w/v) NH4 DL-malate and 0.5% (w/v) Difco yeast extract, dissolved in Hutner mineral base (7) . For the cultivation of R. fulvum and R. molischianum, this medium was supplemented with 0.05% sodium ascorbate. Cultures were constantly gassed with a mixture of 95% N2 and 5% CO2.
Cells in the course of exponential growth were harvested by centrifugation, washed, and suspended in a mixture of 2.5 X 10-3 M tris(hydroxymethyl) aminomethane (Tris) chloride buffer (pH 9.0) and 5 X 10-4 M ethylenediaminetetraacetic acid (EDTA). Samples of such suspensions containing 0.5 to 1.0 mg of cells (dry weight) per ml were mixed with the purified bacteriolytic enzyme of Myxobacterium ALl (9) , at a final concentration of 100 ,g/ml. The suspensions were incubated at 35 C until the optical density at 680 mp. had fallen to approximately 30% of its initial value (approximately 1 to 2 hr). Deoxyribonuclease (Calbiochem, Los Angeles, Calif.) was added at a concentration of 10 ,.g/ml to reduce the viscosity of the lysates; residual cells and coarse debris were removed by low-speed centrifugation. The deeply pigmented supernatant liquid was then centrifuged at 1OO,OCO X g for 30 min, and the pellet was collected and suspended in 0.03 M Tris chloride (pH 7.6). Drops of this suspension were diluted in distilled water containing 0.04% (w/v) sucrose and placed on carbonstabilized, Formvar-coated, 300-mesh copper grids. The preparations were negatively stained (4) with either 2% (w/v) potassium phosphotungstate (pH 7.0) or 1% (w/v) uranyl acetate (pH 4.4) and were immediately examined in a Siemens Elmiskop I electron microscope.
The purified bacteriolytic enzyme of Myxobacterium ALl was kindly provided by J. C. Ensign.
RESULTS
The bacteriolytic enzyme of Myxobacterium strain ALl is of unusually low molecular weight (8, 700) . It is capable of hydrolyzing peptide bonds of both proteins and mureins (10) . As a consequence, it can lyse living cells of many gram-positive bacteria, but is ineffective in lysing most gram-negative bacteria, with the exception of spirilla (9). Ensign and Wolfe (9) demonstrated rapid lysis of R. rubrum, Spirillum serpens, and S. itersonii, and we have found that R. molischianum and R. fulvum are also highly sensitive to the enzyme.
Electron microscopic examination of the particulate fractions isolated from lysates of the three Rhodospii illum species reveals the presence of membrane and wall fragments, together with flagella, either free or attached to these fragments.
The particulate fraction isolated from enzymatic lysates of R. rubrum contains many typical cup-shaped membrane fragments (chromatophores; Fig. 1 and 2 ) derived from the vesicular infoldings of the cell membrane characteristic of this species (5). The particulate fractions from enzymatic lysatesof R. molischianum andR. fulvum contain larger, usually multilayered membrane fragments ( Fig. 3 and 6 ), presumably derived from the stacked lamellar infoldings of the membrane evident in thin sections of both these species (6, 11) .
In lysates of R. rubrum, isolated and very long flagella are often observed. Each flagellum is approximately 120 A wide, and terminates in a somewhat thicker hook, approximately 150 A wide. On many flagella, the hook is attached to an organelle with a very regular structure (Fig. 1, 2) . A narrow collar, approximately 80 to 90 A in diameter, connects the rounded extremity of the hook to a pair of discs, 250 A wide and 140 A thick; this pair of discs is in turn connected by a second narrow collar to a second pair of discs of similar dimensions. Occasionally, membrane fragments within which the basal elements of several flagella remained associated were observed. Such a configuration is shown in Fig. 4 ; the double pair of discs at the bases of six flagella can be seen with reasonable clarity. Both the upper and the lower pair of discs appear to be joined to their neighbors by membranous material. Fragments of this membranous material are sometimes observed attached to one of the pairs of discs in isolated flagella (see Fig. 1 ).
The flagella of R. molischianum and R. fulvum are considerably thicker than those of R. rubrum.
An isolated flagellum in a lysate of R. molischianum is shown in Fig. 3 Fig. 5 and 6) ; apparently in this strain, the connection between the collar and the basal organelle is easily broken. Typical basal organelles of R. Julvum with flagella still attached were frequently observed in association with fragments of the cell membrane (Fig. 7, 8) . The connection between the flagellar hook and the basal organelle is particularly clear in Fig. 8 : the narrow linking collar can be seen emerging from the fragment of the membrane which is wrapped around the basal organelle. DISCUSSION The organized structure of the basal organelles attached to flagellar hooks, coupled with their homology in the three Rhodospirillum species examined, leads us to conclude that they are the intracytoplasmic anchoring elements of bacterial flagella. In support of this conclusion, it should be noted that homologous organelles have been observed previously attached to the flagellar hooks of peritrichously flagellated bacteria, Proteus spp. (1, 13) and Bacillus spp. (2) . If our interpretation is correct, the somewhat larger, structureless, "basal bodies" which have been so frequently observed at the base of the flagella in partly lysed cells contain basal organelles, the presence of which is concealed by enclosure within folded fragments of membrane.
Electron micrographs of thin sections of S. serpens (19) and P. mirabilis (21) show the flagellar hooks external to the cell wall, but closely appressed to it at their bases. In view of this fact, the narrow collar at the base of the hook, which we have observed both on detached flagella and on flagella bearing basal organelles, can be plausibly interpreted as the region of the flagellum which traverses the wall and the membrane, and which is anchored immediately within the membrane to the basal organelle. This location could explain why the collar has never been seen on the hooks of mechanically detached flagella, which would tend to be sheared off at the outer surface of the wall.
In favorable thin sections of S. A similar polar membrane has also been observed in thin sections of photosynthetic spirilla, such as R. rubrum, R. molischianum, and R. fulvum (5) , and has been termed the "polar cap." Figure 9 represents our present interpretation of the structural relationship between the basal portion of the flagella and the cortical layers in the polar region of a spirillum cell. It is a slightly modified version of the schematic drawing of Murray and Birch-Andersen (19) . Specifically, we suggest that the flagella are anchored in a series of interconnected paired discs (see Fig. 4 ) which would in turn be connected to the surrounding polar membrane. From each paired disc, a narrow collar passes through the overlying plasma membrane and wall and connects immediately exterior to the wall to the flagellar hook (Fig. 10 ). 
